Introduction
Given its functional and psychosocial consequences, complete edentulism can be considered an important health issue. Its correlation with aging and socioeconomic status deserves attention, leading to a trend of edentulous individuals being poor and elderly (Petersen et al. 2005) . Associated with such a patient profile, a persistently high prevalence of edentulism within different populations underscores the need for cost-effective treatment methods.
Conventional complete dentures have served as an ordinary choice for treating edentulism for more than a century . However, conventional dentures cannot restore most of the masticatory function impaired by tooth loss (Cunha et al. 2013) and often lead to discomfort, mainly associated with mandibular dentures (Awad et al. 2000) . It can be stated that a significant proportion of edentulous patients do not experience satisfactory comfort and functional rehabilitation after receiving conventional dentures. This is true even if existing complete dentures are clinically adequate (Allen and McMillan 2003) .
Implant-retained overdentures have served as an alternative treatment method for edentulous patients. This method can result in significantly improved satisfaction and oral healthrelated quality of life of former conventional denture wearers . Other benefits include better masticatory function (Kapur et al. 1999) and dietary habits (Morais et al. 2003) , diminished residual ridge resorption, and reduced pain on supporting tissues (Polzer et al. 2010) . The consequences of implant retention are particularly noticeable in the mandible due to poorer denture stability compared to the maxillary arch. These aspects associated with the successful use of a small number of implants (e.g., 2 fixtures) have led to the recommendation of mandibular overdentures as a standard of care for edentulous patients Thomasson et al. 2009 ).
Despite the advantages of mandibular overdentures, this method is considerably more expensive than conventional dentures. A study by Takanashi et al. (2004) found that treatment costs are nearly 2.4 times higher with the use of stud attachments. Moreover, standard implants require a minimal ridge width for their insertion, which may not be available for many edentulous patients without using augmentation techniques (Esposito et al. 2009 ). Implant insertion may also elicit significant anxiety in some patients due to potential risks of pain and other adversities, ultimately leading to the rejection of that treatment modality (Ellis et al. 2011) . The latter issue can be more crucial if procedures such as bone grafts are indicated.
An alternative method to standard implants involves the use of miniimplants for retaining overdentures. This method has a favorable degree of success (Jofré et al. 2010; Šćepanović et al. 2015) and is based on a very narrow (<3 mm) 1-piece implant with a threaded shaft on one end and an attachment patrix on the other end (Bidra and Almas 2013) . Advantages of that design include direct insertion in thin residual ridges (Bulard and Vance 2005) . Surgical procedures are simpler compared to standard fixtures and flapless insertion is often feasible (Fortin et al. 2006) . Moreover, the cost of implants and components tends to be relatively low. Griffitts et al. (2005) report that a single mini-implant can cost 3.5 times less than a standard implant, depending on the manufacturer.
The study of methods that can potentially reduce costs or simplify the treatment of edentulism is of utmost importance (Takanashi et al. 2004) . Possible results can be relevant for several edentulous patients who could benefit from implant-retained overdentures if the treatment were more affordable. Nevertheless, treatment decision regarding different designs of mandibular overdentures may consider not only their relative costs but also their outcomes (or effects). A costeffectiveness analysis is an appropriate method for assessing the gains in health relative to the costs of competing interventions such as these. This analysis can improve decisions about how to allocate more efficiently the resources by stakeholders (e.g., different health care systems as well as patients and practitioners) and for the best use of financial resources restricted by limited budgets.
Therefore, this article reports a comparison of treatment costs following the provision of mini-implants (2 or 4) or 2 standard implants for retaining mandibular overdentures. In addition, a cost-effectiveness analysis was performed to compare the different interventions with distinct effects based on the cost per unit of the clinical effect achieved. Data related to costs and effectiveness were assessed alongside a randomized clinical trial.
Materials and Methods
This article reports the results of the "Mandibular Overdentures Retained by Conventional or Mini-Implants" trial (ClinicalTrials.gov: NCT01411683) regarding economic aspects. It is a parallel-group randomized trial on 120 participants enrolled from January 2012 to January 2014, following approval by the institutional Ethics Committee of the School of Dentistry of Ribeirao Preto (CAAE 0011.0.138.000-11). Results regarding the effectiveness of tested interventions and their adverse events were published previously .
Potential participants should be edentulous individuals who accepted to have their mandibular dentures stabilized by implants, aged at least 45 y. They should have clinically acceptable maxillary and mandibular conventional complete dentures, determined according to aesthetics, vertical dimension/centric occlusion and base retention, stability, and support. Their mandibular ridge should have enough volume to receive any of the planned interventions. Panoramic radiographs confirmed this aspect, complemented by cephalometric radiographs when requested by treatment providers. They should also present satisfactory oral hygiene and no health condition that could contraindicate minor oral surgery. We excluded participants unable to come to scheduled appointments. Exclusion criteria also included smoking >10 cigarettes/d, alcoholism, signs/ symptoms of oral pathologies or severe parafunction, and evident cognitive disorders. Residual ridges could not present teeth/roots or a postextraction outline, either clinically or by imaging; a minimum time of 6 mo following any extraction was respected.
Sample size was estimated based on the primary outcomes of the trial (i.e., oral health-related quality of life [OHRQoL] and patient satisfaction), as detailed in previous reports de Souza et al. 2015) . A total of 120 participants were deemed sufficient for detecting minimally significant differences even with 20% of withdrawals and losses (α = 0.05; β = 0.20).
Interventions
After providing informed consent, participants were divided into 3 groups: Allocation followed a sequence of random numbers contained by sealed, opaque envelopes, which were prepared by a researcher without contact with other trial procedures. Numbers were generated by Microsoft Excel software (Microsoft Excel 2003; Microsoft Corporation) following a 1:1:1 ratio according to a simple randomization scheme. Surgical and postoperative procedures were performed as detailed by de Ribeiro et al. (2015) and de Souza et al. (2015) . Intervention in group 1 comprised 4 mini-implants in the anterior mandible. Groups 2 and 3 received 2 mini-implants or standard implants in the area of the canines, respectively. Mandibular dentures were relined after 7 d (Elite Soft; Zhermack, Badia-Polesine) and received attachment matrices after 3 mo according to a chairside procedure. Before matrices insertion, group 3 was also submitted to a second-stage surgery followed by insertion of ball abutments.
Effectiveness
Two patient-centered outcomes (OHRQoL and satisfaction with mandibular dentures) were used to measure the effect of interventions. OHRQoL was assessed using the Brazilian version of the Oral Health Impact Profile for Edentulous subjects (OHIP-EDENT), where lower scores represent better OHRQoL (possible range, 0 to 38 scoring units). Patient satisfaction with the mandibular dentures was measured using a 100-mm visual analog scale (VAS) to assess patient overall satisfaction. Higher values marked on the VAS represent better satisfaction. Detailed information about the properties and application of these 2 psychometric instruments was published elsewhere, in which the effectiveness of the interventions was reported .
Economic Analysis
The study was planned as a piggyback cost-effectiveness analysis of patients participating in a randomized clinical trial comparing 3 mandibular overdenture designs. The perspective of the economic analysis was the Brazilian public health system. Cost estimation included all expenditures and resources associated with treatments, measured throughout all stages of patient care, from implant planning to longitudinal assessment of the overdentures in function. The time frame for primary data collection and analysis was 6 mo after overdenture use. Cost analysis included the direct treatment costs, comprising the cost of dental consumables, implants and prosthodontic components, expenses with labor force, medication, use of equipment and radiographs, and nondental costs such as patient transport fares. Costs of labor force, including dentists and auxiliary personnel, were calculated considering their reference salaries and the time spent for patient care. Micro-costing was used as the cost estimation method for all other cost items, which involved the direct enumeration and costing out of every input consumed in the treatment of a particular patient (Frick 2009 ).
We used a "bottom-up" costing estimation by identifying and quantifying all of the resources used for treatment and assigning a monetary value to each of these resources. This study performed no discounting of costs. The costing methods used for this cost-effectiveness analysis were based on a previous study by Vecchia et al. (2014) . Monetary values were measured in the local currency units (Brazilian Real [BRL] ) and converted to international dollars using purchasing power parity (PPP) conversion rates. PPP was used to equalize the purchasing power of the different currencies by eliminating the differences in price levels between countries, representing the price ratio of the same goods or service in terms of Brazilian currency per US dollar. The year 2014 conversion rate was used: 1 PPP US$ = 1.748 BRL (World Bank 2016).
Data Analysis
Cost components for the groups were compared by the generalized estimating equation (GEE), based on gamma distribution and using an independent matrix. Another independent researcher performed statistical tests without awareness of group allocation. All tests considered α = 0.05, and SPSS 21.0 software (SPSS, Inc.) was used for group comparisons.
The results of the cost-effectiveness analysis were expressed by means of the incremental cost-effectiveness ratio (ICER), which represents the additional cost of 1 unit of outcome gained by 1 treatment compared with another. ICER was calculated as follows:
, where "Cost" is the costs described in monetary units and "Effect" is the outcome measure in terms of health status for 2 competing treatments (A and B). Groups were considered separately for ICER calculation and compared with baseline treatment (complete denture stage/before implant insertion). Since the cost-effectiveness analysis is based on a number of assumptions, some of which may not be accurate, sensitivity analysis was performed to measure and evaluate this uncertainty (Jain et al. 2011) .
In this study, a 1-way sensitivity analysis was performed to assess if variations in the distribution of costs and effects affect the inferences about treatments, by imputing the lower and upper limits of the 95% confidence interval (CI) in the average values for costs and effects. Variation in parameters was considered separately for costs and effectiveness (OHIP-EDENT and satisfaction scores), as well as for the combined effect of costs and effectiveness-that is, considering 2 extreme scenarios: a worst scenario (higher ICER values) that combines higher costs and lower effectiveness and a best scenario (lower ICER values) that combines lower costs and higher effectiveness. Tornado diagrams presented the graphical outputs of the comparative sensitivity analysis. Microsoft Office Excel software was used for ICER calculation and construction of the diagrams.
Results
This study included 120 participants (mean age: 59.5 ± 8.5 y; women: 81). Groups were similar in terms of age, sex, residual ridge morphology, and case complexity . Most participants (n = 111) were assessed for the outcomes of this study, despite some losses due to systemic disease (groups 1 and 2, n = 1 each), lost contact (n = 1 each group), failed osseointegration (group 1, n = 1), and treatment dissatisfaction (group 2, n = 1; group 3, n = 2). See Appendix for details on the flow of participants from the enrollment to the 6-mo follow-up.
Labor costs varied widely throughout the different scheduled appointments and even more for unscheduled ones (Table 1 ). The insertion of 2 miniimplants required less surgical time from dentist and assistant compared to 2 standard fixtures. Four mini-implants resulted in the same surgical time as the comparator for the dentist and an intermediate time length for the assistant. Regarding scheduled postoperative care appointments, the dentist worked less time when using standard implants compared to 4 mini-implants, whereas 2 mini-implants resulted in intermediate values. Dental assistants worked for the same time at this moment for the 3 groups. The dentist took less time to insert attachment matrices over 2 mini-implants compared to the other interventions, which were similar. Regarding the assistant, the same procedure was faster for groups 1 and 2 compared to standard implants. Regarding unscheduled appointments, professionals needed the same time for the 3 groups. Total treatment time was similar for the 3 interventions when considering dentists' labor and abbreviated with mini-implants (groups 1 and 2) when considering assistants. Table 2 summarizes expenses associated with the use of consumables and equipment throughout the trial. The cost of consumables used for implant surgery was distinct for the 3 groups, with group 2 presenting lower costs and group 3 with the highest. Equipment use was significantly less costly when miniimplants were inserted, regardless of the number. The postoperative stage had the same cost for the 3 groups, for both consumables and equipment. As for the surgical phase, insertion of attachments required less consumables for group 2, followed by group 1, and significantly higher for group 3. Use of equipment was also similar for groups 1 and 2 and significantly more expensive for group 3. The cost of unscheduled appointments also varied widely considering consumables and equipment, and there was no between-group difference.
Mean direct costs (i.e., the sum of labor cost and expenses for consumables/ equipment) were (in BRL) as follows: group 1, 892.79; group 2, 556.01; and group 3, 989.60 (GEE, P < 0.001; P < 0.050 for all pairwise comparisons). Compared to standard implants, treatment with 2 mini-implants saved 433.59 BRL, thus representing 43.8% of the total direct cost, with a 95% CI ranging from 352.25 (35.6%) to 514.94 BRL (52.0%). Treatment with 4 miniimplants saved 96.81 BRL (9.8%) compared to 2 standard implants. In this latter case, a 95% CI ranged from 10.62 (1.1%) to 183.00 BRL (18.5%). Table 3 provides a summary of total direct costs converted into PPP US dollars. Cost of consumables represented from 80% (group 2) to 86.5% (group 1) of the total treatment costs.
Time spent by participants was similar for the 3 tested interventions during scheduled and unscheduled appointment. Nonsignificant differences also occurred for the total patient time during the entire treatment (Table 1) . Table 4 presents results of the costeffectiveness analysis. The ICERs for overdenture treatment versus complete denture (baseline) were lower for group 2 ($28.15 and $5.75 for 1-point change in OHIP-EDENT and satisfaction scores, respectively) and higher for group 3 ($46.79 and $12.25 for 1-point change in OHIP-EDENT and satisfaction scores, respectively).
The impacts of 1-way variation of cost and effect parameters on ICER of 3 treatment groups are shown in the Figure. In all scenarios, combining the extent of variation for the outcome measures, treatment with 2 mini-implants remained the more efficient strategy for rehabilitation. Considering that the incremental effectiveness was similar among all 3 groups, the lower ICER values in group 2 were mainly due to the reduced costs compared to the other groups, especially compared to group 3, which has the highest costs. Conversely, group 3 was the least cost-effective and differences were robust across sensitivity analysis. However, the impact of variation in cost and effectiveness seems to be of low importance, unless there is a combined effect for both cost and effect parameters. When uncertainty in parameters combined an increase in average costs and the achievement of lower effectiveness, BRL, Brazilian Real; CI, confidence interval; NA, not applicable-most participants were retired and had access to free public transport. *Significant difference (P < 0.05; distinct superscript letters represent significant differences between groups).
group 3 was the most affected group, as shown by the tornado diagrams. In that case, it reached up to $85.5 (82.7% increase) and $20.3 (65.7% increase) per 1-unit improvement in OHIP-EDENT and satisfaction scores, respectively.
Discussion
This report shows that both miniimplant-based interventions can save resources, compared to standard implants. Time spent (and consequently labor costs) by dentists and dental assistants can be much lower with the use of 2 mini-implant mandibular overdentures. This was expected due to the simplified operative procedures. Implant insertion was relatively fast even for group 1, despite using twice the number of fixtures compared to the other groups. This supports the claim that insertion procedures can be faster with miniimplants compared to standard implants.
The time spent by dentists inserting 2 standard implants was comparable to the findings of Takanashi et al. (2003) . In other words, this trial reported 37 min, whereas the latter study reports 38 min. Treatment time as a whole for group 3 (296 min) was also very close to the results of the same trial (293 min) (Takanashi et al. 2002) . Such close results suggest that present findings are coherent with other national settings. Postoperative time was shorter for standard implants, as long as fixtures remained submerged for 3 mo. In contrast, mini-implants could interfere with the adaptation of a mandibular denture during relining and require deeper trimming of denture bases, thus taking more time. Saved time for group 3, however, was compensated during matrix insertion. For this group, the conversion of mandibular dentures into overdentures required a previous phase 2 surgery for posterior insertion of ball abutments. Although matrix insertion was faster for group 2, a larger number of mini-implants in group 1 led to a lengthier prosthetic procedure. At this appointment, the need for surgical procedures required more time from the dental assistant when providing standard implants.
Unscheduled appointments required the same professional time for the 3 interventions. This implies that adversities in general were comparable for the 3 groups during 6 mo, as previously reported . However, the length of these One-way sensitivity analysis showing the impacts of variation of cost and effect parameters on the incremental cost-effectiveness ratio (ICER) of the treatment groups. Bars in the tornado diagrams represent the ICER variation by changing ICER average values within the lower and upper limits of the 95% confidence interval (CI). The combined effect of variation in costs and effectiveness included the worst possible scenario (higher costs and lower effectiveness-higher ICER values) and best possible scenario (lower costs and higher effectiveness-lower ICER values). In this study, ICER values mean the incremental cost for a 1-point change in effectiveness measures (reduction in OHIP-EDENT and increase in satisfaction scores). OHIP-EDENT, Oral Health Impact Profile for edentulous subjects.
should be transferred to the patients and/or other stakeholders involved (e.g., insurance companies and dental care providers). An evaluation of the cost of consumables and equipment was lower when mini-implants were used. Compared to group 3, costs were nearly twice lower with 2 mini-implants. Consumables used for implant surgery (including fixtures themselves) show that even 4 mini-implants were less expensive than 2 standard implants, with the lowest result for group 2. This result is due mainly to the lower cost of mini-implants compared to standard fixtures (Griffitts et al. 2005) . Standard implants also require the use of more equipment, leading to higher costs. Although materials had the same cost for the groups during postoperative procedures, matrix insertion followed the same trend as implant insertion. Even with 4 mini-implants, the cost of prosthetic components is smaller than for 2 standard implants. Similarly, standard implants also employ more equipment at this stage, contributing to higher expenditures.
Another cost component considered was the time spent by participants, which was not influenced by tested interventions. This lack of effect means that the 3 tested treatments require the same availability from patients. In this respect, both 2-or 4-mini-implantretained overdentures are comparable to the standard of care recommended by Feine et al. (2002) and Thomason et al. (2009) .
At 6 mo following intervention, this trial had 3 (2.5%) withdrawals with potential influence over results, caused by dissatisfaction. This number is comparable to a previous study that reports 3% of dissatisfied participants 1 mo following treatment with mandibular overdentures (Menassa et al. 2016) . Such reaction can be considered inherent to implant treatment, due to different patient perspectives. Moreover, there were a low number of withdrawals, and they were not concentrated in a single group. This implies that some bias related to them is unlikely. Another limitation refers to the impossibility of blinding participants and care providers. This was minimized by masking allocation whenever possible.
At a first glance, reporting outcomes in Brazilian currency might hinder the interpretation of results. However, the differences in terms of resources needed in different countries would be proportional, mainly considering work time. For instance, the same percent differences in labor costs can be expected in other countries. Moreover, results have been reported in PPP dollars for a better appraisal of what the observed results represent.
Costs and effects were recorded and assessed from the point of view of the Brazilian public health system. However, other perspectives are possible, including the health provider, patient, and thirdparty payers, and cost estimation may vary in different clinical scenarios. Consequently, although the study design was planned and executed to reflect reality as closely as possible, generalizability of the findings of this study may be considered with caution, since several components of cost may be influenced by clinical and societal factors, such as the level of professional training and skills, commercial availability of implant systems, and the existing barriers to access to health care in different societies.
In addition, patient preferences should be highly considered, since patients may perceive burdens and benefits of treatment in different ways, which is a relevant issue for their willingness to accept different implant interventions. Hence, the use of a mini-implant involves simpler and less invasive procedures, which may play a relevant role for minimizing the burdens of implant surgery and increase the demand and utilization of implants for edentulous subjects, especially for the elderly.
This study was planned as a trialbased cost-effectiveness analysis. Prospective economic evaluations alongside trials are very important for producing unbiased and more robust cost-effectiveness estimates, compared to model-based studies that have a number of limitations, such as potential bias, lack of transparency, and lack of validation (Gray 2006) . Considering the relevance of economic evaluations, especially those using patient-level data derived from clinical trials, as well as the lack of cost-effectiveness studies in dentistry (Vogel et al. 2013) , future studies are highly needed to improve the body of knowledge about the implications of costs in implant dentistry.
In summary, mandibular overdentures retained by mini-implants are less costly and more efficient compared to those retained by 2 standard implants. Although mandibular overdentures retained by 2 mini-implants present lower costs, those retained by 4 miniimplants are still less expensive and more cost-effective than 2 standard implants. In addition, treatments with mini-implants (groups 1 and 2) were less affected by variation in parameters compared to the treatment with conventional implants (group 3).
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